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Fig. 1. An ovemevv of the complex cytokinc network involved in the 
evolution and propagatici) of the intlammatory response, which ìnvolves a 
plethora of inflammatory cells and signals. 



CITOCHINE PROINFIAMMATORIE 



Tutte quelle che promuovono lo sviluppo dell' infiammazione 
REQUISITI 

• Assenti nello stato stazionario 

• Presenti durante il processo infiammatorio 

• In grado di mimare fenomeni infiammatori se iniettate 



• La loro inibizione determina la scomparsa dei fenomeni 
infiammatori osservati 
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Figura 13.13 - La cascata delle citochine infiammatorie. 



















TABLE 4-4 Cytokines of Innate Immunity 


Cytokine 


Size 


Principal Celi Source 


Principal Cellular Targets and Biologie Effects 


Tumor necrosis factor 
(TNF) 


17 kD; 51 -kD homotrimer 


Macrophages, T cells 


Endothelial cells: activation (inflammation, 

coagulatimi) 
Neutrophils: activation 
Hypothalamus: fever 

1 i\/af cwnthocic rxt or iita.nli oca r\rr\t"oi ne 
LIVcl. oyMUIcolo Ul al/Ulc-pildoc piUlclllo 

Muscle, fat: catabolism (cachexia) 
Many celi types: apoptosis 


lntprlpnkin-1 (Il -1) 

Il IICI ICU IVI 1 1 1 \IL 1/ 


17-kR matnrp fnrrrv T3-kD 

il l\ U IIICllUIC IVJIIII, oo l\ U 

precursors 


MflrrnnhafiP<i pnrlnthplial ppII<ì 
i v i ci l. i u \j 1 1 ci y c o , ci ili u il i c il o i isGiio, 

some epithelial cells 


FnHnthplial ppII<i' prtiuatinn /inflammatinn 
i_i im u u i ci i ci i vocilo, ci u il v ci uui i \ il 1 1 la 1 1 1 1 1 la uui i, 

coagulation) 
Hypothalamus: fever 
Liver: synthesis of acute-phase proteins 


Chemokines (see Table 3-2) 


8-12 kD 


Macrophages, endothelial cells, 
T cells, fibroblasts, piate lets 


Leukocytes: chemotaxis, activation; migration 
into tissues 


lnterleukin-12 (IL-12) 


Heterodimer of 35-kD 
and 40-kD subunits 


Macrophages, dendritic cells 


T cells: T H 1 differentiation 
NK cells and T cells: IFN-y synthesis, increased 
cytotoxic activity 


Type I interferons (IFN-ct, 
IFN-p) 


IFN-a: 15-21 kD 
IFN-p: 20-25 kD 


IFN-oc: macrophages 
IFN-p: fibroblasts 


Ali cells: antiviral state, increased class 1 MHC 

expression 
NK cells: activation 


lnterleukin-10 (IL-10) 


Homodimer of 34-40 kD; 
18-kD subunits 


Macrophages, T cells (mainly 
regulatory T cells) 


Macrophages, dendritic cells: inhibition of IL-12 
production and expression of costimulators 
and class II MHC molecules 


lnterleukin-6 (IL-6) 


19-26 kD 


Macrophages, endothelial cells, 
T cells 


Liver: synthesis of acute-phase proteins 

B cells: proliferation of antibody-producing cells 


lnterleukin-15 (IL-15) 


13 kD 


Macrophages, others 


NK cells: proliferation 

T cells: proliferation (memory CD8 + cells) 


lnterleukin-18 (IL-18) 


17 kD 


Macrophages 


NK cells and T cells: IFN-y synthesis 


lnterleukin-23 (IL-23) 


Heterodimer of unique 
19-kD subunit and 
40-kD subunit of IL-12 


Macrophages and dendritic 
cells 


T cells: maintenance of IL-17— producing T cells 


lnterleukin-27 (IL-27) 


Heterodimer of 28-kD 
and 13-kD subunits 


Macrophages and dendritic 
cells 


T cells: T H 1 differentiation; inhibition of T H 1 cells 
NK cells: IFN-y synthesis 



PRIMARY PRO-I NFLAMMATORY CYTOKINES: 
THE IL-1 SYSTEM 



Absent in omeostatic conditions 



Induced under inflammatory stimuli 

Produced as pro-cytokine and intracellulary 
processed by caspase 1/ICE 

Two agonists: 

• IL-la- epithelial cells 

• IL-ip - phagocytes 

Active on a specifìc receptor of the IL-1R/TLR family 
Synergistic action with TNF 



319 



213 



IL-1RI 



MyD88 




Table 1. Interleukin-1 Family 



Protein 




Alternative 






Maturation 


Chromosome 




twme 


Interlenkin 


natnes 


Receptor 


Co-receptor 


by caspase-1 


(Human) 


Prove r tu 


IL-1F1 


IL-1 a 




IL-1R1 


IL-lRAcP 




2 


Proinflammatory 


IL-1F2 


IL-ip 




IL-1R1 


IL-IRAcP 


Yes 


2 


Proinflammatory 


IL-1F3 


IL-1 receptor 

r 

antagonist (Ra) 




IL-1R1 


NA 




2 


Antagonist for 
IL-laand IL-ip 


IL-1F4 


IL-18 


IGIF, IL-ly 


IL-18Ra(IL-lR5, 
IL-1 Rrpl) 


IL-18RP (IL-R7) 


Yes 


11 


Proinflammatory 


IL-1F5 


IL-36Ra 


IL-lHyl, FIL16, IL-1H3, 


IL-lRrp2(IL-lR6) 


NA 




2 


Antagonist for IL-36ot, 






IL-1RP3, IL-1L1, IL-15 








IL-36P, and IL-36y 


IL-1F6 


IL-36a 


FILle 


IL-lRrp2(IL-lR6) 


IL-IRAcP 




2 


Proinflammatory 


IL-1F7 


IL-37 


FILl^ IL-1H4, IL-1RP1 


IL-18Ra(IL-lR5,IL-lRrpl) 


unknown 


Yes 


2 


Anti-inflammatory 


IL-1F8 


IL-36p 


EILlTU IL-1H2 


IL-lRrp2(IL-lR6) 


IL-IRAcP 




2 


Proinflammatory 


IL-1F9 


IL-36y 


IL-1H1, IL-1RP2, IL-Ie 


IL-lRrp2(IL-lR6) 


IL-IRAcP 




2 


Proinflammatory 


IL-1F10 


IL-38 


IL-lHy2, FKSG75 


IL-lRrp2(IL-lR6) 


Unknown 


Unknown 


2 


Unknown 


IL-1F11 


IL-33 


ST2 


IL-IRAcP 


Yes 
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Th2 responses 




Translated products 



IL-la | HE 



Processing enzymes Active cytokine 
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Pro-domain' IL-1 homology domain I C 

M ^ Caspase 1 



IL-lp 
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IL-33 



IL-1FS 



D 
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Sigtìal peptide 



IL-18 : i 



Caspase 1 



LI I 

Putative processed peptide 



IL-1F6 OC 
IL-1F8 



IL-1F9 

IL-1F7 I I 1 
IL-1F10 I I 



' 1- 



Or : e 



Or ( r 



Receptor complex Regulating factors 



IL-1RIC 3IL-1RAP 



IL-18R C D IL-18RAP 



ST2 C b IL-1RAP 



IL lRL2d hlURAP 




IL-18BP 
SIGIRR 



Soluble S~2 
SIGIRR 



IL-1F5 
SIGIRR 



Table 1. Interleukin (IL)-l cytokine family: nomenclature and function. 



Cytokine 


Other names 


Systematic 
name 


Immunological function 


IL- la 


IL-1 and leucocyte activating factor 
(LAF) (both collectively with IL-lp) 


IL-1F1 


IL-1 RI agonist with proinflammatory action but mainly acts as an intracellular 
transcriptional regulator 


IL-lp 


IL-1 and leucocyte activating factor 
(LAF) (both collectively with IL-la) 


IL-1F2 


Acts synergistically with TNF-a, activates proinflammatory responses in a 
wide range of cells, increases expression of adhesion molecules in endothelia 
cells and promotes diapedesis and the acute phase response 


IL-IRa 




IL-1F3 


IL-1 RI antagonista prevents IL-l-dependent signalling 


IL- 18 


IFN-y inducing factor (IGIF), IL-ly 


IL-1F4 


Induces IFN-y production from T lymphocytes and NK cells and acts 
synergistically with IL- 12 to promote the Thl response 


IL-1F5 


IL-lHyl, FIL18, IL-1L1, IL-16, 
IL-1H3, IL-1RP3 


IL-1F5 


Possible IL-lRrp2 receptor antagonist 


IL-1F6 


FILle 


IL-1F6 


Agonist via the IL-lRrp2 receptor. Increases IL-6, IL-8 production in epithelial 
cells 


IL-1F7 


FILi;, IL-1H4, IL-1RP1, IL-1H1 


IL-1F7 


Interacts with IL- 18 binding protein to reduce IL- 18 activity 


IL-1F8 


FIL- IT), IL-1 H2 


IL-1F8 


Agonist via the IL-lRrp2 receptor. Increases IL-6, IL-8 production in epithelial 
cells. Also up-regulates IL-6 and IL-8 production in chondrocytes and 
synovial fibroblasts 


IL-1F9 


IL-1H1, IL-lRP2,IL-le 


IL-1F9 


Agonist via the IL-lRrp2 receptor. Increases IL-6, IL-8 production in epithelial 
cells 


IL-1F10 


IL-lHy2, FKSG75 


IL-1F10 


Binds soluble IL-1 RI, function unknown 


IL-33 


NF-HEV 


IL-1F11 


ST2 receptor agonist. Induces Th2 cytokine expression. Intracellular 
transcriptional regulator in endothelial cells 


IFN: interferon; NK: naturai killer; Th: T helper; TNF: tumour i 


ìecrosis factor. 
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Eur Cvtokine Netw. 2011 Sep;22(3):1 27-47. 

IL-37: a new anti-inflammatory cytokine of the IL-1 family. 

Boraschi D , Lucchesi D , Hainzl S , Leitner M , Maier E , Mangelberger D , Oostinqh GJ . Pfaller T, Pixner C , Posselt G , Italiani P , 
Nold MF , Nold-Petry CA , Bufler P , Dinarello CA . 

Laboratory of Innate Immunity and Cytokines, Institute of Biomedicai Technologies, National Research Council, 1-56124 Pisa, Italy. 
diana.boraschi@itb.cnr.it 

Abstract 

The IL-1 family of cytokines encompasses eleven proteins that each share a similar (3-barrel structure and bind to 
Ig-like receptors. Some of the IL-1-like cytokines have been well characterised, and play key roles in the development 
and regulation of inflammation. Indeed, IL-1a (IL-1F1), IL-1 p (IL-1F2), and IL-18 (IL-1F4) are well-known inflammatory 
cytokines active in the initiation of the inflammatory reaction and in driving Th1 and Th17 inflammatory responses. In 
contrast, IL-1 receptor antagonist (IL-1Ra, IL-1F3) and the receptorantagonist binding to IL-1Rrp2 (IL-36Ra, IL-1F5) 
reduce inflammation by blocking the binding of the agonist receptor ligands. In the case of IL-37 (IL-1F7), of which five 
different splice variants have been described, less is known of its function, and identification of the components of a 
heterodimeric receptor complex remains unclear. Some studies suggest that IL-37 binds to the a chain of the IL-18 
receptor in a non-competitive fashion, and this may explain some of the disparate biological effects that have been 
reported for mice deficient in the IL-18R. The biological properties of IL-37 are mainly those of down-regulating 
inflammation, as assessed in models where human IL-37 is expressed in mice. In this review, an overview of the role of 
IL-37 in the regulation of inflammation is presented. The finding that IL-37 also locates to the nucleus, as do IL-1a and 
IL-33, for receptor-independent organ/tissue-specific regulation of inflammation is also reviewed. 
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Proc Nati Acad Sci USA. 2012 Feb 21;109(8):3001-5. Epub 2012 Feb 6. 

IL-38 binds to the IL-36 receptor and has biological effects on immune cells 
similar to IL-36 receptor antagonist. 

van de Veerdonk FL , Stoeckman AK , Wu G , Boeckermann AN , Azam T , Netea MG , Joosten LA , van der Meer JW , Hao R , 
Kalabokis V, Dinarello CA , 

Department of Medicine, University of Colorado Denver, Aurora, CO 80045. 
Abstract 

The functional role of IL-1 family member 10, recently renamed IL-38, remains unknown. In the present study we aimed 
to elucidate the biological function of IL-38 and to identify its receptor. Heat-killed Candida albicans was used to 
stimulate memory T-lymphocyte cytokine production in freshly obtained human peripheral blood mononuclear cells from 
healthy subjects. The addition of recombinant IL-38 (152 amino acids) inhibited the production of T-cell cytokines IL-22 
(37% decrease) and IL-17 (39% decrease). The reduction in IL-22 and IL-17 caused by IL-38 was similar to that caused 
by the naturally occurring IL-36 receptor antagonist (IL-36Ra) in the same peripheral blood mononuclear cells cultures. 
IL-8 production induced by IL-36y was reduced by IL-38 (42% decrease) and also was reduced by IL-36Ra (73% 
decrease). When human blood monocyte-derived dendritic cells were used, IL-38 as well as IL-36Ra increased 
LPS-induced IL-6 by twofold. We screened immobilized extracellular domains of each member of the IL-1 receptor 
family, including the IL-36 receptor (also known as "IL-1 receptor-related protein 2") and observed that IL-38 bound only 
to the IL-36 receptor, as did IL-36Ra. The dose-response suppression of IL-38 as well as that of IL-36Ra of Candida- 
induced IL-22 and IL-17 was not that of the classic IL-1 receptor antagonist (anakinra), because low concentrations 
were optimal for inhibiting IL-22 production, whereas higher concentrations modestly increased IL-22. These data 
provide evidence that IL-38 binds to the IL-36R, as does IL-36Ra, and that IL-38 and IL-36Ra have similar biological 
effects on immune cells by engaging the IL-36 receptor. 
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Figure 1. This figure was published in 1984 [4] and is reprinted with permission. It was published on the ève of the isola tion of the first cDNA for 
IL-lp in 1984 (reviewed in [1]). 
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CITOCHINE INFIAMMATORIE E ADESIONE LEUCOCITARIA 
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Figure 2. A summary of the key in vitro and in vivo effeets of recombinant IL-ltx or IL-lp that have been discovered to date; the summary is not 
exhaustive Abbrevia tions: REM sleep, rapid eye movement sleep; PAF, platelet activatingfactor; COX-2, type 2cyclooxygenase; PLA2, phspholipase- 
A2; PAM. plasminogen activatìng factor inhibitor-1; ICAM-1-1, intracellular adhesion molecule-1; VEGF, vascular endothelial celi growth factor; G- 
CSF, granulocyte colony stìmulating factor; GM-CSF, granulocyte-macrophage colony stìmulating factor. 



Table 1. Human responses to intravenous IL-lot or IL-lp a] 





Pnnrpn Ira finn 


Rpsdotisp 


IL-o/R reauired 


Fever 


(l-10ng/Kg) 


Myalgias and joint pain 


(l-10ng/Kg) 


Generalized fatigue 


(l-10ng/Kg) 


Headache; nausea 


(l-10ng/Kg) 


Neutrophilia 


(l-10ng/Kg) 


Thrombocytosis 


(l-10ng/Kg) 


GM-CSF, G-CSF 


(l-10ng/Kg) 


IT -fi TT -R TMP'v 




IL-IRa and soluble TNFoc receptor 


(130ng/Kg) 


ACTH, cortisol 


(l-10ng/Kg) 


Gastrointestinal discomfort 


(>30ngflCg) 


Nitric oxide (se rum) 


(3ng/Kg) 


Hypotension 


(30ng/Kg) 


Hemodynamic shock 


(300n^Kg) 



These responses were reviewed in [104]. Data on human responses to 
IL-la or IL-lp can also be found in [105-113]. 



Bacterial products, 
immune complexes, 
toxms. physical injury, 
other cytokines 



I 



MACROPHAGE 
(and other celi) 
ACTIVATION 



I 



IL-1 / TNF 



ACUTE-PHASE REACTlONS 

Fever 
tSieep 
* Appetite 

t Acute-phase proteins 
Hemodynamic effects (shock) 
Neutrophilia 



ENDOTHELIAL EFFECTS 

t Leukocyte adherence 
tPGI synthesis 
t Procoaguiant activity 
* Anticoagulant activity 
t IL-1 . 11-8. IL-6, PDGF 



FIBROBLAST EFFECTS 

t Proliferation 

t Coliagen synthesis 

tCollagenase 

t Protease 

t PGE synthesis 



LEUKOCYTE EFFECTS 
tCytokine secretion (IL-1, IL-6) 







Bacteria, fungi 



Naive T celi 




..--Sources? 



)T H 17cells 



Effector functions: 



♦ IL-17 c=^i|nflammation 



♦ IL-22 <=J>Barrier function 



FIGURE 9-17 Development of T H 17 cells. IL-1 and IL-6 pro- 
ci uced by APCs and transforming growth factor-p (TGF-p) produced by 
various cells actrvate the transcription factors RORyt and STAT3, which 
stimulate the differentiation of narve CD4 + T cells to the Th17 subset. 
IL-23, which is al so produced by APCs, especially in response to fungi, 
stabilizes the Th17 cells. TGF-p may promote Th17 responses indirectly 
by suppressing Th1 and Th2 cells, both of which inhibit Th17 differentia- 
tion (not shown in the figure). IL-21 produced by the Th 17 cells amplifies 
this response. 
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Following binding of interleukin-1 (IL-l)to the IL-1 
receptor 1 (IL-lRl ). multiple signals are generated 
which include the following: phosphorylation of 
multiple kinasesand receptor-associated proteins"; 
induction of mitogen-actrvated protein kinase(MAPK) 
cascades* 4 * 5 ; Ca n flux, celi contraction and actin 
cytoskeleton reorganization"* 7 ; translocation of 
signalling moleculestothe nucleus"; and synthesis of 
AP-l-dependent proteinsvia the transcription of the 
immediate early genes c-/os and c-jun*. 




TRASDUZIONE DEL SEGNALE DI IL-1 
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Figure 1 

Toll and interleukin-1 receptor (TIR) domain-containing proteins in the TLR and EL-1R families. In humans, the IL- IR family 
includes one receptor without TIR domain (IL-1RII) and nine TIR domain-containing receptors. Functional IL-1 receptors are 
heterodimers associated with coreceptors (IL-IRAcP and IL-18Rb). The agonist specifici tv of IL-lRs is defined by the 
immunoglobulin-like domain. The TLR family contains 10 members with TIR domains. Agonist specificity is defined by the leucine- 
rich repeat domain. The TIR domain is essential for the recruitment of other partners, leading to activation of the pathway. 



REGOLAZIONE DEL SISTEMA IL I 



1) L' ANTAGONISTA RECETTORIALE 
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Table 1 — Cytokines With Anti-inflammatory Activities* 



Cytokines 


Cellular Sources 


Major Activities 


IL-lra 


Specific inhibitor of IL-la- and IL-l(3-mediated cellular activation 
at the IL-1 cellular recentor level 



precursor a.a. # «=£> 

IL-1a 

mature a.a. # =v> 
precursor a.a. # 

IL— 1 p 

mature a.a. # c= ^ > 



1 -16 16-32 33 



107 107 - 164 164 -205 206 



77" 




1 -16 16-33 34 



1 - 52 52 - 93 94 
101' 101 - 156 156 - 199 -200 - 269 



■M- Hh ~: V/- ™: VA £3 




-ih 



84 - 1! 


\ // ' 


107 - . 17 


7 




// ; 1 

// 



precursor a.a. # c= > > 

IL-1ra 

mature a.a. # c=> 




1-14 14- 44 44 - 81 82 - 152 



Gene stiuctures for IL-la, IL-1/3, and IL-lra. The boxes correspond to exons and the broken horizontal bars are introns. The left 
end of the gene is the start of transcription. Empty boxes are untranslated regions, lightly stippled areas are translated sequences, and 
heaviiy stippled areas represent sequences encoding mature proteins. Amino acid (a.a.) numbering for the precursor proteins and the 
mature proteins is based on the human sequences. Initial amino acids for mature IL-la, IL- 1/3, and IL-lra correspond to precursor amino 
acid numbers 113, 117, and 26, respectively. (Adapted from Eisenberg et al, 1991, with permission.) 
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FIG. 30-2. Interleukin-p (IL-1(3) is used to demonstrate interleukin-1 receptors and celi signaling. 



TABLE 30-1. Effects of the interleukin-1 receptor antagonist (IL-1Ra) 



Models of infection 

Improved survival in endotoxin shock in mice, rats, and 
rabbits 

Improved survival in Klebsiella pneumoniae infection in 
newborn rats 

Reduction in shock and mortality in rabbits and baboons 
from Escherichia coli or Staphylococcus epidermidis 
bacteremia 

Amelioration of shock and reduction in death after cecal 

ligation and puncture 
Attenuation of LPS-induced lung nitric oxide activity 
Decreased hypoglycemia, production of CSF, and early 

tolerance in mice after administration of endotoxin 
Reduction in LPS-induced hyperalgesia 
Protection against TNF-induced lethality in d- 

galactosamine-treated mice 
Reduction in nematode-induced intestinal nerve dysfunction 
Decreased circulating or cellularTNF production in models 

of sepsis 

Decreased IL-6 production after LPS 
Protection from Bacillus anthracis toxin-induced lethality in 
mice 

Decreased intestinal inflammation and bacterial invasion in 

shigellosis 
Models of locai inflammation 

Decreased neutrophil accumulation in inflammatory 

peritonitis in mice 
Reduction in immune complex-induced neutrophil 

infiltration, eicosanoid production, and tissue necrosis in 

rabbit colitis 

Reduction in acid-induced neutrophil infiltration and 

enterocolitis in rats 
Decreased endotoxin-induced intestinal secretory diarrhea 

in mice 

Reduction in ischemia and excitotoxic-induced brain 

damage in rats 
Decrease in number of necrotic neurons in cerebral artery 

occlusion 

Inhibition of permanganate-induced granulomas in rats 
Inhibition of LPS-induced intraarticular neutrophil infiltration 
Decreased IL-1-induced synovitis and loss of cartilage 
proteoglycan 

Reduced myocardial neutrophil accumulation after coronary 

occlusions in dogs 
Reduced inflammation and mortality in acute pancreatitis 
Decreased hepatic inflammation after hemorrhagic shock 
Models of acute or chronic lung injury 
Decreased locai LPS-induced neutrophil infiltration in rats 
Inhibition of antigen-induced pulmonary eosinophil 

accumulation and airway hyperactivity in guinea pigs 
Prevention of bleomycin or silica-induced pulmonary fibrosis 
Reduction in hypoxia-induced pulmonary hypertension 
Reduction in carrageenan-induced pleurisy in rats 
Decreased intratracheal IL-1-induced fluid leak (systemic 

administration) 
Decreased albumin leak after systemic LPS 
Inhibition of antigen-induced eosinophil accumulation in 

guinea pigs 



Models of metabolic dysfunction 

Reduction in hepatocellular damage after ischemia- 
reperfusion 

Improved survival after hemorrhagic shock in mice 

Inhibition of SAA gene expression and synthesis in high- 
dose IL-2 toxicity 

Decreased muscle protein breakdown in rats with peritonitis 
due to cecal ligation 

Reduced muscle protein breakdown in rats with chronic 
septic peritonitis 

Inhibition of weight loss after muscle tissue injury 

Decrease in bone loss in ovariectomized rats 

Reversai of LPS-induced CRF gene expression in the 
hypothalamus 

Prevention of LPS-induced corticotropin release 

Models of autoimmune disease 

Diminution of Streptococcus wall-induced arthritis in rats 

Reduction in collagen arthritis in mice 

Suppression of anti-basement membrane 
glomerulonephritis 

Delayed hyperglycemia in the diabetic BB rat 

Reduction in streptozotocin-induced diabetes 

Models of immune-mediated disease 

Prevention of graft-versus-host disease in mice 

Prolongation of islet allograft survival 

Reduction in autoimmune encephalomyelitis 

Reduction in skin contact hypersensitivity 

Decrease in coronary artery fibronectin deposition in 
heterotopic cardiac transplantation 

Models of malignant disease 

Reduction in the number and size of metastatic melanoma 
Reduction in growth of subcutaneous melanoma tumors 
Reduced LPS-induced augmentation of metastatic 
melanoma 

Reduction in tumor-mediated cachexia (intratumoral 

injection) 
Miscellaneous 

Inhibition of TNF-induced social depression in mice 
Prevention of stress-induced hypothalamic monoamine 
release 

Reduction in LPS-induced sickness behavior in rats 
Suppression of crescentic glomerulonephritis in rats 
Attenuation of muramyl dipeptide-induced sleep in rabbits 
Impairment of host responses 
Decreased sciatic nerve regeneration in mice 
Increased mortality to K. pneumoniae in newborn rats (high 
dose) 

Increased mortality to Listeria infection 
Enhanced growth of Mycobacterium avium in organs 
Worsening of infectious arthritis (late administration) 
Increased vascular leak in mice given high-dose IL-2 
Studies without an effect of IL-1 Ra 
Antigen-induced arthritis in rabbits 

LPS-and S. epidermidis bacteremia-induced fever in rabbits 
Fever after LPS injection into the brain 
Leukopenia in rats after LPS 
Hypertriglyceridemia after LPS in mice 
LPS-induced increase in skin blood flow 



LPS, lipopolysaccharide; CSF, colony-stimulating factor; TNF, tumor necrosis faeton 
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Figure 1. Inflammatory Skin and Bone Manifestations in Patients with Deficiency of lnterleukin-1-Receptor 

Antagonist. sterile multifocal osteomyelitis, periostitis, and pustulosis 

The skin manifestations range from groupings of small pustules (Panel A) to a generalized pustulosis (Panel B). The 
bone manifestations include epiphyseal ballooning of multiple distai and proximal long bones, in the single patient 
from Puerto Rico (Panel C); the more typical radiographic manifestations included widening of multiple ribs (with 
affected ribs indicated with asterisks) and the clavicle (arrows) (Panel D), heterotopic ossification or periosteal cloak- 
ingofthe proximal femoral metaphysis (arrows) and periosteal elevation ofthe diaphysis (arrowheads) (Panel E), 
and an osteolytic lesion with a sclerotic rim (Panel F, arrow). 



Before treatment 



After treatment 





REGOLAZIONE DEL SISTEMA IL I 



1) IL RECETTORE "FALSO" (DECOY) 
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2) L' ANTAGONISTA RECETTORIALE 
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Fig. 1. Ligands and receptors ol the 1L-1 tamily. The two agonist 
ligands, IL- 1 2 and IL- 1 p, are represented by IL- 1 and the antagonist 
ligand by IL- IRa. IL- 1RI has a long cytoplasmic domain and, along with 
IL- IRAcP, activates signal transduction pathways. IL- IRa functions as an 
IL- 1 inhibitor by binding to IL- 1R1 but not allowing interaction with IL- 
lRAcP IL-1RII does not activate ceUs but functions as an IL- 1 inhibitor 
both on the plasma membrane and in the celi microenvironment as a 
soluble receptor. IL-IRAcP can also inhibit IL- 1 signals by cooperating 
with IL-IRII in binding IL- 1 either on the plasma membrane or as a 
soluble molecule. 






■ Figura 13.17 - Circuiti di regolazione negativa delle 

citochine primarie dell'infiammazione. 
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Figure 1 1 Initiation of sterile inflammation by IL-la following an ischaemic 
event. Step 1: in the necrotic area, dying cells lose membrane integrity. Step 2: dying 
cells release their contents, including the interleukin-la (IL-la) precursor. Anti-IL-la 
antibodies neutralize IL-la at this step. Step 3: IL-la binds to IL-1 receptor type I 
(IL I RI) on nearby resident fibroblasts, epithelial cells or in brain astrocytes, releasing 
chemokines and establishing a chemokine gradient. Anakinra or anti-IL-lRI antibodies 
block this step. The chemokine gradient facilitates the passage of blood neutrophils into 
the ischaemic area. Step 4: capillaries in the ischaemic tissues express intercellular 
adhesion molecule 1 (ICAM1). Circulating blood neutrophils roll on the endothelium, 
adhere to ICAM1 and enter the ischaemic tissue via diapedesis. Step 5: the number 
of neutrophils in the area of the necrotic event increases; the presence of locai IL I 
prolongs the survival of neutrophils at this step. Step 6: neutrophil proteases cleave 
the extracellular IL-la precursor into mature, more active forms. Step 7: neutrophils 
scavenge dying cells and release proteases that contribute to the destruction of 
penumbral cells. 
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Figure 2 | Role of IL-ip in sterile inflammation. Step 1: following an ischaemic event, cells undergo hypoxic damage, 
lose membrane integrity and the dying celi releases celi contents (see FIC. 1 ). Step 2: the preformed interleukin-la (IL-la) 
precursor is released. Anti-IL-la antibodies neutralize IL-la atthis step. Step 3: IL-la bindsto IL-1 receptor type I (IL-1RI) 
on nearby resident macrophages. Anakinra or anti-IL-lRI antibodies prevent IL-la activity at this step. Step 4: triggered 
by the binding of IL-la to I L- 1 RI, resident macrophages synthesize inflammatory genes as wellasthe I L- 1 P precursor. 
Step 5: the IL-ip precursor undergoes intracellular processing by caspase 1. Caspase 1 inhibitors prevent the processing 
of IL-iP at this step. Step 6 involves the secretion of active IL-ip. Rilonacept or antibodies of I L- 1 P neutralize IL-ip in 
the extracellular compartment at this step. Step 7: with the breakdown of vascular integrity in the necrotic area, IL- lp 
gains access to the vascular compartment. Step 8: 1 L- 1 P binds to IL- 1 RI on capillaries and induces vascular celi adhesion 
molecule 1 (VCAM 1). Step 9: blood monocytes roll along the endothelium and bind to VCAM 1, followed by their 
migration into the ischaemic tissue via diapedesis. Increasing numbers of monocytes become a source of increased 
production of I L- 1 p. Step 10: opening of the endothelial junction results in capillary leak, with the passage of plasma 
protei ns into the ischaemic area. Step 11: platelet-derived IL-la binds to the endothelial IL-lRI and induces the 
expression of intercellular adhesion molecule 1 (ICAMl). Step 12: large numbers of neutrophils enter the tissue space 
and the presence of locai IL-1 prolongs the survival of neutrophils. Step 13: neutrophil proteases are released. Step 14: 
the I L-l P precursor released into the extracellular space is cleaved by serine proteases to generate active I L- 1 p. Naturai 
inhibitors of serine proteases such asal antitrypsin prevent the extracellular processing of the I L-l P precursor. Step 15: 
increasing numbers of neutrophils surround the necrotic area, scavenging dead cells and debris. Damaging neutrophilic 
proteases attack and injure penumbral cells, resulting in increased lossof function of the organ undergoing the ischaemic 
event. Blocking IL-1 cannot restore the necrotic tissue but reduces the loss of penumbral cells. 




FIGURE 3 | Necrotic cells trigger sterile inflammation. Necrotic cells (G-CSF f KC, IL-6, etc). In addition, multiple danger-associated molecular 

potently induce sterile inflammation through multiple mechanisms. IL-1a pattern molecules (DAMPs) including urie acid, reactive oxygen species 

that is released from necrotic cells induces the generation of cytokines and (ROS). and ATP are released during necrosis and can promote the expression 

chemokines that are associated with granulopoiesis and neutrophil recruitment of factors that are involved in inflammation and neutrophil recruitment. 



Disease Conditigli 



Joint, Bone and Muscle Diseases 

rheumatoid arthritis 
psoriatic arthritis 
osteoarthritis 

erosive osteoarthritis of the hand 
arthrofibrosis/trauinatic kiiee injury 
anterior ciuciate kiiee ligament tear 
relapsing polychondritis 
recurrent multifocal osteomyelitis 
Majeed Syndrome 
aiikylosing spondylitis 
gout of the lumbar spine 
antisynthetase syndrome 
idiopathic inflammatory myopathies 3 
artìculai chondrocalcinosis 



Hereditary Systemic Autoinflammatory Diseases 

familial Mediterranean fever (FMF) 
CAPS (FCAS, Muckle-Wells Syndrome, NOMID/CINCA) 
Male hypoinfertility in CAPS 
NLRP12 Autoinflammatory Syndrome 
TRAPS 1 

HIDS/ mevalonate kinase deficiency 

PAPA 

DIRA 

Blau syndrome/granulomatous arthritis 

Systemic and Locai Inflammatory Diseases 

Schnitzler 
Behget 

secondary amyloidosis 

Henoch-Schonlein pmpura 

recunent idiopatlric pericarditis 

Systemic-onset Juvenile Idiopathic Arthritis 

Glomemlonephritis in SJIA 

Adult Onset Stili Disease 

Macrophage Activation Syndrome 

Sweet Syndrome/neutrophilic dennatoses 

neutrophilic pamricuHtis 

Erdheim-Chester/histiocytoses 

Whipple Disease 

SAPHO 

PASH 

PFAPA 



le S 1 I Broad Spectrum of Diseases Responsive to Ana 

Multicentric Castleman Disease 

Jessner-Kanof Disease 

Primary Sjoegren Syndrome Fatigue 

Common Diseases 

gout and pyrophosphate ciystal arthritis 

post-myocardial infarction cardiac remodeling 

systolic heart failure 

smoldering myeloma 

cerebrovascular accident 

post-stroke immune suppression 

liidradenitis suppurativa 

type 2 diabetes 

type 1 diabetes 

metabolic syndrome 

insulin resistance 

dry eye syndrome 

acrodennatitis (forni of pustular psoriasis) 

Footnotes 

a Iiicludes refractory myositis polymyositis, dennatomyositis aiid inclusion body 
myositis. 

FMF, Familial Mediterraneaii Fever; FC AS , Familial Gold Autoinflaniinatoiy 
Syndrome; NLRP12, Nucleotide-binding domain and Leucine-rich Repeat Pyrin 
containing 12; NOMID, Neonatal Onset Multi-Inflammatory Diseases; TRAPS, TNF 
Receptor Associated Periodic Syndrome; HIDS, Hyper IgD Syndrome; PAPA, 
Pyogenic Arthritis, Pyoderma gangrenosum, and Acne; DIRA, Deficiency of IL-IRa; 
SAPHO, Synovitis, Acne, Pustulosis , Hyperostosis and Osteitis; PASH, Pyoderma- 
gangrenosum, Acne, and Suppurativa Hidradenitis; PFAPA, Periodic Fever, 
Aphthous Stomatitis, Phaiyngitis, and Adenitis 



Timeline | IL-l-blocking agents in various disease states 



Anakinra in 
rheumatoid arthritis 



Anakinra approved for 
rheumatoid arthritis 



2004-2006: Schnitzler 
syndrome 



zn 



2004-2006: FMF,CAPS 



2004-2006: anakinra 
inHIDSand TRAPS 



Anakinra and 
canakinumab in gout 



Anakinra in type 2 
diabetes 



Anakinra in multiple 
myeloma 



Anti-IL-lpintype2 
diabetes 



Canakinumab 
approved for CAPS 



Anti-IL-la in cancer, 
psoriasis, acne and 
type 2 diabetes 



CANTOS trial 



Anakinra in heart 
fai Iure 




1994-1997: anakinra 
in three sepsistrials 



Anakinra in MWS 



Anakinra in AOSD and SJIA 



Rilonacept 
approved for CAPS 



Anakinra in STEMI 




Anti-IL-ip in Behcet's disease; anakinra 



Canakinumab in type 1 diabetes 



The timeline highlights the testing of interleukin-1 (IL-l)-blocking agents in various but not ali indications. AOSD, adult-onset Stills disease; CANTOS, Canakinumab 
Anti-inflammatory Thrombosis Outcome Study; CAPS, cryopyrin-associated periodic syndrome; FMF, familial Mediterranean fever; HIDS, hyper-lgD syndrome; 
MWS, Muckle- Wells syndrome; SJIA, systemic juvenile idiopathic arthritis; STEMI, ST segment elevation myocardial infarction; TRAPS, TNF receptor-associated 
periodic syndrome. 
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TabJe 2. Effects of IL- 18 on immune responses 

Stimulates the expressi on of adhesion molecules 
Induces the production of GM-CSF, TNF, IL-6 
Induces the production of chemokines (IL-8) 
Induces the production of granules in neutrophils 
Enhances the re sp irato ry burst of neutrophils 
Stimulates the activhy of NK cells 
Stimulates the expression of FasL on T and NK cells 
Stimulates the cytotoxic activity of CD8 + effector T cells 
Stimulates Th I responses in combination with IL- 1 2 
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FIG. 1 . IL-1 8 mediates joint inflammation, cartilage destruction, 
angiogenesis, and leukocyte recruitment in rheumatoid arthritis. IL-18, 
interleukin-1 8; IL-12, interleukin-1 2; TNF-a, tumor necrosis factor-a; IFN-y, 
interferon-y; IL-1p, interleukin-1 p; VEGF, vascular endothelial growth faeton 
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IL-12, IL-23 dependent IFN-y^ 


NKT celi 


IFN-y, IL-2, IL-4, IL-5, IL-13 & TNF f 


Th2 celi 


Chemotaxis, IL-5, IL-13 t 
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IFN7 ^ 


B-1 celi 


Proliferation, IL-5, IL-13 & IgM f 


NH celi & ILC2 


Proliferation, IL-5 & IL-13t 


CD34 + celi 
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Microglia 
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Proliferation, IL-ip, IL-6, IL-10, IL-13, TNF, 
CCL2, CCL3, CCL5, CXCL10 
& IFN-y dependent NO f 


Epithelial celi 


IL-6, IL-8, IL-17F, CCL2, NO, VCAM1, 
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Endothelial celi 


IL-6, IL-8 & CCL2 t 
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Extracellular 
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Host defense against nematodes & 
viruses 
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allergie diseases or chronic 
inflammatory diseases 
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Fig. 1 The IL-33-IL-33R pathway and bioactivities of IL-33. A. Producers of IL-33. B. IL-33R and signal trans- 
duction. C. Bioactivities of IL-33 on various types of cells. DC, dendritic celi; SMC, smooth muscle celi; NK, natu- 
rai killer; NKT, naturai killer T; Th, helper T; Te, cytotoxic T; NH, naturai helper; ILC, innate lymphoid celi; AAM(p, 
alternative activated macrophage. 



IL-33 in Innate-Type Immune Cells 



Allergens (proteases, LPS, etc.) 
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Fig. 2 IL-33-mediated allergie infiammatici by innate-type immune cells. IL-33 is 
released by epithelial cells in response to protease allergens such as Der f1/p1 
and papain and/or LPS. Epithelial cell-derived IL-33 induces production of IL-5 and 
IL-13 by innate-type immune cells such as NH cells/ILC2 cells, mast cells, and ba- 
sophils. Subsequently, such innate-type immune cell-derived IL-5 and IL-13 pro- 
voke recruitment of eosinophils in the locai sites, contributing to the development 
of various allergie disorders. 



CITOCHINE PROINFIAMMATORIE PRIMARIE: 



IL "SISTEMA" TNF 



99 



mTNF 



Assente in condizioni di omeostasi 
Indotta da stimoli infiammatori 
Prodotta principalmente da fagociti 

Prodotta come omotrimero di membrana 

• processing extracellulare da TACE 

• rilascio in fase solubile 

• attiva anche la forma di membrana 

Superfamiglia del TNF 
•TNFa - infiammazione 



Molte azioni sinergiche con IL-1 



TACE 



TNF 





TNFRI i 
p55 WWW 




TNF 





mTNF 




MMP 



TNFRI 
p75 



Morte 
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PRODUZIONE DI TNF DA PARTE DI TIPI CELLULARI DIVERSI 



Sistema Immune: monociti/macrofagi 
cellule NK 
linfociti T 

linfociti B normali e cellule linfoblastoidi B 

granulociti polimorfonucleati 

microglia 

mastociti 



•Altri organi: cellule di Kupfer 

cellule epiteliali della retina 
fibroblasti 

cellule muscolari lisce 
astrociti 
osteoblasti 
cheratinociti 

cellulle spermatogeniche 



•Cellule tumorali: adenocarcinoma al seno 

Carcinoma renale 
Sarcoma all' ovaio 
Fibrosarcoma 
Cellule eppidermiche 
Glioblastoma 

Leucemia a cellule capellute 
Leucemia linfocitica cronica B 
melanoma 



Table 1. Inducers of TNF transcription. Certain stimali (asterisk) require a costimulus in some ce 



Stimuli 


PRR llgands 


TLR2 


Peptidoglycan (Gram-positive bacteria) 
Atypical LPS (P. gingivalis) 


TLR2/TLR6 


Lipoteichoic acid (Gram-positive bacteria) 
Diacylated lipoproteins, e.g. MALP-2 
Zymosan 


TLR3 


Double-stranded RIMA, e.g. poly(hC) 


TLR4 


LPS (Gram-negative bacteria) 

Svnthptir liniH A 

Taxol 


TLR7 


Loxoribine 


TLR7/TLR8 


Single-stranded RNA, e.g. poly 1, poly C 
Imidazoquinoline compounds, e.g. imiquimod 


TLR9 


Bacterial CpG-DNA 


N0D2 


Muramyl dipeptide 


Antlgen receptor llgands 


Tcell receptor 


Anti-CD3 
PHA 


B celi receptor 


Anti-lgG 


Pc receptor llgands 


Mast celi receptor (Fcf RI) 


IgE + antigen 


NK celi receptor (FcvRIIIA/CDlóa) 


Anti-CD1 6, immune complexes 


Other stlmull 


Cytokines 


lnterleukin-1 
lnterleukin-2 
IFN-v* 

Granulocyte-macrophage colony stimulating factor 

(GM-CSF) 

TNF 


Mitogens 


Concanavalin A 
PMA* 


Superantigens 


Staphylococcal toxic shock syndrome toxin-1 
Staphylococcal enterotoxin B 


Phosphatase inhibitors 


Okadaic acid 
Calyculin A 













Cakium ionophore 


lonomycin # 


Radiation 


UV light 
X-rays 


Osmotic stress 


Raffinose 


High glucose 


Silica particles 


Bacteria 


Listerio monocytogenes 
Staphylococcus aureus 
Mycobacterium tuberculosis 
Salmonella typhimurium 
Escherichia coli 


Viruses 


Sendai virus 

Human cytomegalovirus 
Vesicular stomatitis virus 
Herpes simplex virus type II 


Protozoans 


Plasmodium falciparum 
Trypanosoma cruzi 
Schistosoma monsoni 



Chemokine release 
(including RANTES, MCP-1, 
IL-8, andSDF-1) 
Leukocyte accumulation 



Endothelial celi activation 
Upregulation of E-selectin 

and VCAM-1 TNF-a 
Leukocyte accumulation 



Leukocyte TNF-a 
accumulation ^ 
Induction/maintenance of 
H LA class II expression 



Proinflammatory cytokine release 
(including IL-1, IL-6, IL-23, and GM-CSF) 

A 




Hepcidin induction 
Acute-phase response 



TNF-a— ► PGE 2 
production 



I 



Osteoclast activation 
Angiogenesis I B one resorption 



Chondrocyte activation 
Metalloproteinase production 
Cartilage destruction 



ATTIVITÀ' BIOLOGICHE DI IL-l/TNF 
EFFETTI LOCALI 



Low quantities 
(plasma conc. 
<1 0-9 M) 



Locai inflammation 



Leukocyte 

3 

Activation 




Endothelial celi 

Adhesion chemokines 
molecule 





IL-l/TNF 



Fagociti 

•Aumento delle capacità adesive 
•Aumento dell'attività fagocitìca 
•Aumento delle capacità citotossiche 

Endotelio vascolare 

• Induzione di attività procoagulante 

• Inibizione dell'asse anticoagulante proteina C-trombomodulina 

• Induzione di PGI2 e NO 

•Induzione di chemochine e molecole di adesione 

Tessuti mesenchimali 

• Induzione di metalloproteasi 




IL-l/TNF 



Moderate 
quantities 



Systemic effects 



Organi bei sagli 



Effetti 



Torrente 
circolatorio 




Ipotalamo 




Torrente circolatorio 




Fegato 
epatiKiti 



Torrente circolatorio 



Progenitori 
ematopoietici 
nel midollo osseo 



Febbre 



Sequestro del ferroplasmatico 
dagli epatociti: induzione 
di iposideremia 



Aumento della sintesi di 
fibrinogeno e delle proteine 
del complemento: proteine 
di fase acuta 



Diminuzione della sintesi 
di albumina 



Aumento selettivo della 
produzione di alcuni 
leucociti (ad esempio, 
neutrofìli: induzione di 
ematopoiesi) 





HIGH QUANTITIES 

Low cardiac output 
Low peripheral resistance 




Blood vessel 
injury, 
thrombosis, 
DIC 



ARDS 



# 



SEPTIC SHOCK 





Locai 
inflammation 

Endothelial cells 

IL-1, 

chemokines 
TNF, O 
IL-1 TNF , ;1 




Adhesion \creased* 
molecule permeabili^ 
Endothelial celi 



Leukocytes 




IL-1, IL-6 
chemokines 



Activation 



Systemic 
protective effects 



TNF, 
IL-1,<^ 
IL-6 ^ 
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GURE 4-14 Locai and systemic actions of cytokines in inflammation. TNF, IL-1, and IL-6 have multiple locai and systemic inflam- 
atory effects. TNF and IL-1 act on leukocytes and endothelium to induce acute inflammation, and both cytokines induce the expression of IL-6 from 
jkocytes and other celi types. TNF, IL-1, and IL-6 mediate protective systemic effects of inflammation, including induction of fever, acute-phase 
otein synthesis by the liver, and increased production of leukocytes by the bone marrow. Systemic TNF can cause the pathologic abnormalities 
at lead to septic shock, including decreased cardiac function, thrombosis, capillary leak, and metabolic abnormalities due to insulin resistance. 



iNOS Vasodilation, edema 
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Caspase 8, cysteine-dependent aspartic acid specific proteinase-8; IL-8, interleukin-8 
(CXC chemokine); iNOS, inducible nitric oxide synthetase; LPL, lipoprotein lipase; 
MHC-1, major histocompatibility complex-1; VCAM-1, vascular celi adhesion 
molecule-1. 
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FIGURE 1 1- 1. Cytokfo* <o$cad*$ in sèpsis. Following injection of lipopolysaccharide (LPS) (A), there are successive waves of tumor necrosis factor 
(TNF), IL - U and IL - 6 detectable in plasma. Injection of TNF (E) produces successive waves ofIL - / and IL - £ In the presence of antibody to TNF, 
LPS- tnduced plasma elevations ofIL - 1 and IL- 6 are inhibited. and in the presence of antibody to IL - /. plasma elevations ofIL-6are inhibited 
These data suggest that there are ordered cascades of cytokine production: LPS induces TNF, which induces IL - 1, which induces IL -6 synthesis. 
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